the entire previous decade. 12 The prevalence of ACDF has risen steadily, with the rates of cervical fusion in the elderly rising 206% from 1992 to 2005 among Medicare beneficiaries. 23 Critical examination of the increasing application of surgical procedures such as ACDF is particularly relevant at a time when nearly 18% of the US gross domestic product is devoted to health care expenditures, with the cost of surgical care alone comprising 7% of the gross domestic product. 23 In this era of escalating health care costs and universal pressure to improve the efficiency of care, the focus of all stakeholders has shifted to improving efficiency. In a surgical context, this translates to cost containment by reducing the number of hospital days, perioperative morbidity, and postsurgical hospital readmission. An increasingly popular cost-saving strategy has involved a shift in medical procedures to outpatient and ambulatory surgery centers (ASCs). Technological advances and improvement in anesthesia and surgical techniques now allow numerous surgical procedures to be performed on an outpatient basis. Annual cost savings of up to $140 million have been reported in the literature with the utilization of ASCs for spine surgery. 19 Outpatient surgeries are not only a costeffective option, they also offer the theoretical benefit of a reduction in nosocomial risks and medical errors associated with the inpatient hospital setting 9 and have been shown by some investigators to be associated with more rapid recovery and higher patient satisfaction after surgery. 6, 8, 10, 18 Evidence is growing that supports the safety and effectiveness of ASCs for lumbar decompression and discectomy; however, evidence for the safety and value of outpatient ACDF remains scarce. [1] [2] [3] 16, 20, 25 Although short-term costs to health care providers, third-party payers, and health care purchasers tend to be lower in ASCs, cost savings will only be realized across the entire outpatient care episode if that care is associated with surgical safety on par with safety in inpatient settings. Cheaper surgical care up front will lose its value if associated with decreased safety and elevated downstream costs of complications and readmissions. Accordingly, demonstration of equivalent surgical safety is necessary to determine the relative value of outpatient versus inpatient ACDF.
In light of these considerations, we set out to 1) determine the safety of 1000 consecutive ACDF surgeries performed in an outpatient ambulatory surgery setting, and 2) compare the safety of outpatient ACDF with consecutive inpatient ACDF surgeries performed during the same time period.
methods
After approval from the Carolina's Healthcare System institutional review board, the medical records of 1000 consecutive patients who underwent ACDF from 2006 to 2013 at the Carolina Center for Specialty Surgery (CCSS) ambulatory surgery center (outpatient ACDF) were retrospectively analyzed. Data related to patient demographics, comorbidities, operative details, and perioperative and 90-day morbidity were included in the study.
A total of 484 consecutive patients (American Society of Anaesthesiologists [ASA] Class I or II) who underwent ACDF from 2006 to 2013 at Vanderbilt University Hospital (inpatient ACDF) were also included in the study. Data were collected on patient demographics, comorbidities, operative details, and perioperative and 90-day morbidity. Perioperative morbidity and 90-day readmission/reoperation were compared between the outpatient and inpatient ACDF groups. Perioperative and 90-day morbidity were compared separately for 1-level and 2-level ACDF in the outpatient versus the inpatient setting.
Statistical analysis
All statistical analyses were performed using STATA (version 12.0, StataCorp). Parametric data are provided as means ± standard deviations and were compared using the Student t-test. Nonparametric data are provided as medians (interquartile range) and were compared using the Mann-Whitney U-test. Nominal data were compared via the chi-square test. A p value < 0.05 was considered statistically significant.
results outpatient acdF
A total of 1000 outpatient ACDF cases performed from 2006 to 2013 were included in the study. The mean age of the patients was 49.5 ± 8.6 years, and 484 (48.4%) were males. Baseline characteristics and patient demographics are presented in Table 1 . A majority of the patients were ASA Class I (19.5%) or II (74.1%). The most common comorbidities in this patient population were depression (15.3%) and diabetes (8.3%). The mean body mass index (BMI) of patients was 28.5 ± 5.4. Most patients underwent primary ACDF (91.6%), and only 8.4% underwent revision ACDF.
A total of 629 patients (62.9%) underwent 1-level ACDF and 365 (36.5%) underwent 2-level ACDF (Table 2) . Mean estimated blood loss (EBL) was 43.4 ± 24.3 ml, and mean length of surgery was 73.3 ± 24.5 min. All patients were observed postoperatively in the outpatient surgery center for 4 hours before being discharged home. Eight patients (0.8%) were transferred from the surgery center to the hospital postoperatively; 3 patients were transferred for pain control, 2 had chest pain and electrocardiogram (EKG) changes, 1 had intraoperative CSF leak, 1 had postoperative hematoma, and 1 had profound postoperative weakness and underwent surgical reexploration. All 90-day morbidities are presented in Table 2 . A total of 22 patients (2.2%) had 30-day readmissions, and 11 (1.1%) were readmitted between 30 and 90 days after surgery. Two patients (2.2%) underwent reoperation for hematoma evacuation; 1 was directly transferred from the outpatient center to the hospital and the other presented to the emergency department later the same day with respiratory problems and was taken to the operating room for hematoma evacuation within 24 hours of the primary surgery. Dysphagia requiring an alteration in diet was noted in 14 patients (1.4%), whereas 2 (0.2%) had surgical-site infection (SSI) requiring intravenous antibiotics or surgical debridement, or both, and 2 (0.2%) had new nerve root deficit postoperatively.
comparison of outpatient versus inpatient acdF
A total of 484 inpatient ACDF surgeries were performed on patients with ASA Class I and II from 2006-2013. One-level ACDF was performed in 274 patients (56.6%), and 2-level ACDF was performed in 210 patients (43.4%). There were no significant differences in the baseline characteristics and comorbidities between those who were outpatient versus those who were inpatient except age, which was significantly higher in the outpatient cohort (Tables 3 and 4) .
perioperative Safety and 90-day morbidity
The length of hospital stay was significantly higher in the inpatient compared with the outpatient cohort. Estimated blood loss and length of surgery were slightly greater in the inpatient cohort but were not clinically significant. All 90-day surgical morbidity was similar between outpatient and inpatient cohorts for 1-level ACDF, including 30-day readmission (1.8% vs 2.9%; p = 0.24), 90-day readmission (1.3% vs 1.5%; p = 0.80), 90-day reoperation (0.2% vs 0.4%; p = 0.54), SSI (0.2% vs 0.0%; p = 0.51), neck hematoma (0.2% vs 0.4%; p = 0.54), and new nerve root deficit (0.2% vs 0.0%; p = 0.51; Table 3 ). Similarly, all 90-day surgical morbidity was similar between outpatient and inpatient cohorts for 2-level ACDF (Table 4 ). Interestingly, dysphagia requiring an alteration in diet occurred at a very low rate, but the rate was slightly higher (1.8% vs 0.0%; p = 0.03) in the outpatient 1-level cohort. One patient died 3 months after ACDF surgery in the ASC from a previously undiagnosed glioblastoma multiform. There was no ACDF-related mortality within 90 days of surgery.
discussion
Over the more than 50 years that ACDF has been used for the management of cervical spondylotic disease, the procedure has evolved substantially. For decades, the standard technique involved harvesting autograft from a second site, usually the anterior iliac crest. The availability of reliable and safe allograft sources and the development of biologically inert structural spacers, such as polyaryletherketone, allowed a shift away from the routine use of autograft and its associated pain and morbidity. Over the past 25 years, the development of safe and easily applied anterior fixation with plates has allowed further improvements, especially in patient comfort and recovery in the postoperative period. The goal of solid fusion is now consistently obtained with cervical plating and has eliminated the need for postoperative immobilization with cervical orthoses in most patients. All of these changes have made ACDF a very safe procedure with predictably good results and low rates of morbidity.
Rapidly increasing health care costs have forced care providers and society in general to consider a variety of options to slow or reduce medical expenditures while preserving the safety and effectiveness of therapies. Outpatient surgeries performed in ASCs have already been shown to diminish the cost of some procedures on a caseby-case basis. Our own experience with lumbar laminectomy has shown facility fee savings of 30% or more from hospital inpatient settings with similar outcomes and complication rates (Parker S, Asher A, Dyer H, et al: Cost effectiveness and comparative effectiveness of outpatient vs. inpatient lumbar discectomy: a prospective, multi-center longitudinal outcomes study. Presentation to the Congress of Neurological Surgeons, Boston, MA, October 2014). Compared with other procedures, ACDF has less rapidly transitioned to the outpatient setting, possibly for concern with some of the potential risks unique to the anterior cervical exposure. Although these complications, such as neck hematoma and airway compromise, are concerning, their occurrence is very rare as reported here. Because of the low incidence of these high-impact complications, small surgical series (e.g., 60-100 patients) have limited capability to accurately define the potential consequence of outpatient ACDF. These previously published studies examining complication rates in less than 100 outpatient ACDFs (Erickson et al., 6 Liu et al., 11 and Trahan et al.
22
) were not appropriately powered to make meaningful conclusions about complications that are expected to occur in the inpatient setting at a rate of 2%-5%.
To date, there have been no reports of at least several hundred patients treated with ACDF in the outpatient setting. Therefore, a substantial knowledge gap exists with respect to this emerging treatment paradigm. Unless large-volume programs share their experience with outpatient procedures such as ACDF, surgeons, patients, hospital systems, third-party payers, and policy makers will lack evidence needed to make decisions about the safety of less-costly outpatient ACDF. The experience with 1000 consecutive outpatient ACDF cases reported here reinforces and strengthens conclusions about the safety and efficacy of this therapy previously reported in smaller series, and has the potential to more appropriately inform the clinical and systems-based decision-making processes of patients, surgeons, hospital systems, or payers considering the ASC setting for ACDF surgery.
Our initial experience with outpatient ACDFs was limited to select patients who were believed to be at lowest risk for perioperative complications. That experience was then expanded to more complicated situations (such as 2-level procedures when the patient was believed to be a candidate for the outpatient setting). We chose a 4-hour interval in which to monitor patients before discharge based on an internal face-validation process (i.e., participating surgeons were asked to review their own postoperative complications, and at what point they had occurred; most felt that such problems tended to occur within a 4-hour window).
The inpatient hospital group and the ASC group were found to be very similar in all aspects that were compared (Tables 3 and 4) . Not all patients are appropriate for the outpatient surgery setting; assignment to the outpatient setting is typically made cooperatively by the involved anesthesiologist and surgeon. Because ASC patients tend to have few comorbidities, the inpatient cohort was limited to only patients with ASA Class I or II; however, it should be noted that select patients with ASA Class III were operated on in the ASC setting (6.4%). Comorbidities were very similar in the 2 groups, although the ASC group was slightly older on average. The inpatient cohort setting did include residents. This difference likely explains the slightly longer operative time and increased blood loss observed. While these slight differences in EBL and operative time were statistically significant, it is unlikely that they are clinically significant. Surgical complication rates in both groups confirm the overall safety of the ACDF procedure. Transient radicular deficits and dysphagia were less than 2%. More rare but more serious occurrences, such as hematoma and vascular and esophageal injury, were all less than 0.5%. Hospital readmission within 30 or 90 days was similar between the 2 groups, and the 90-day reoperation rate was 0.5% or lower for both.
In total, 8 ASC patients (0.08%) were transferred to a hospital setting from the PACU. Pain control was the main issue in 3 of these patients, 2 patients had EKG changes with chest pain, 1 had a dural tear, 1 a hematoma, and 1 declining neurological status. Seven of the 8 patients were monitored overnight and discharged home the following morning without any specific intervention.
In both groups, 2 patients required reoperation at the same site within 90 days. In the ASC patients, both of these occurred in the first 24 hours. The first patient experienced a slowly enlarging hematoma in the anterior neck that progressively interfered with swallowing but did not compromise the airway. This patient was admitted to the hospital after an office evaluation on postoperative Day 1, and the hematoma was evacuated later that day. The dysphagia improved quickly, and the patient was discharged home the following day without long-term difficulty.
The second patient underwent an uneventful 2-level ACDF for myelopathy and was almost 4 hours postoperative when she developed a right hemiparesis. She was transferred to the nearby hospital, and due to rapid progression of the deficit it was elected to take the patient urgently to the operating room for neck exploration and evacuation of a presumed hematoma. No hematoma was found during the procedure, however. In the PACU, the patient was found to have facial weakness in addition to her hemiparesis. Subsequent cranial imaging revealed an acute intracerebral hematoma, which was later found to be due to a previously undiagnosed glioblastoma.
Other than the 1 patient who hemorrhaged into a preexisting, previously undiagnosed glioblastoma, all 7 of the other patients requiring transfer to the hospital experienced no long-term consequences. No myocardial infarction was detected in the 2 patients with EKG changes, no consequence of durotomy was noted after a 48-hour observation, and acute pain was resolved with intravenous narcotics and observation for 48 hours for the 3 patients with severe postoperative neck pain. The single patient requiring neck hematoma evacuation suffered no lingering consequences once discharged after revision surgery on postoperative Day 2.
Interestingly, dysphagia that required an alteration in diet occurred at a very low rate, but was slightly higher (n = 11, 1.8% vs 0.0%, respectively; p = 0.03) in the outpatient 1-level cohort. In these 11 outpatients, a mechanical soft diet was recommended, and a Solu-Medrol dose pack was often administered. All patients' dysphagia resolved by 2 weeks after surgery. It is unclear why this small difference in dysphagia was observed. It may be that chart documentation differed between care settings, or it was surgeon related. Similar to the slight differences in blood loss and operative time in favor of ASC, the 2% difference of dysphagia in favor of the inpatient setting may not be clinically significant. The outcomes measured here were largely equivalent with no clear advantage in safety in either operative setting.
Three previous series have demonstrated the feasibility of outpatient ACDF. Erickson et al. in 2007 reported that 56 patients successfully underwent outpatient ACDF without complication and reported a 95% satisfaction rate. 6 Liu et al. in 2009 reported on 45 outpatient versus 64 inpatient ACDF surgeries. Similarly, these authors reported no complications in the outpatient setting compared with 4 in the inpatient setting. There was no difference in patients reporting "excellent" outcome between groups.
11 Lastly, Trahan et al. in 2011 reported a similar complication rate in 59 outpatient versus 68 inpatient ACDFs. Only 1 patient who underwent ACDF as an outpatient experienced a complication, which was described as neck swelling requiring hospital admission for observation. 22 While these initial studies could describe the feasibility of performing ACDF in an ASC setting, none provide the statistical power to assess complications that occur only once or twice per 100 cases. Physicians or health care systems, or both, considering adopting ACDF in the ASC setting need robust evidence to adequately assess the risks of this treatment paradigm. Hence, larger series and experiences, such as ours, are needed for researchers to begin to understand the true safety of outpatient ACDF.
Although the aim of this study was not to measure cost savings of ACDF in the ASC setting, much evidence exists on cost savings associated with outpatient spine surgery. 2, 13, 19, 24 On average, our outpatient surgery center facility fees are roughly 70% of the fees for the in-hospital setting. Savings will vary greatly market to market, and costs often remain proprietary. Nevertheless, ASCs have yet to prove more costly for any surgical disease state. 5, 14, 19 In addition to potential cost savings, other theoretical advantages exist with outpatient ACDF. Wait times are shorter and administrative procedures are often streamlined in ASC settings. Many centers strive to create a more patient-focused experience, and patient satisfaction has been found to be very high with outpatient ACDF in a previous small series. 6 ASCs may also provide greater operational efficiency versus the hospital setting.
In the settings where surgeons have equity interests in ASCs, it is important for patients to be informed of this potential conflict of interest in the preoperative consent process. In the case of the ASC examined here, patients are informed regarding any financial interest their surgeons may have and are given the option of surgery in either the inpatient or ASC setting. Given that many studies have proved ASCs produce cost savings with equivalent safety compared with hospitals, any perceived conflict of interest related to the financial relationship of physicians to ASCs must be considered in light of the confluence of interest among stakeholders created by such efficiencies. 1, 6, 11, 16, 22 Our initial experience with 1-and 2-level outpatient ACDF surgery in patients with ASA Class I and Class II provided experience and evidence to support the adoption of outpatient ACDF only under specific parameters. Presently, patients who may require conversion to corpectomy due to ossification of the posterior longitudinal ligament or migrated disc fragments, those who require revision ACDF and neck dissection through scar tissue, or those with comorbidities related to altered airway or neck anatomy are not considered for outpatient ACDF regardless of ASA classification. The ASC examined here does not allow ACDF surgery after noon, to allow for a full 4 hours of PACU monitoring and controlled transfer to the hospital setting during normal working hours in the event that a complication occurs. Furthermore, the CCSS ASC is directly across the street from its parent hospital system, allowing very timely transfer if needed. The safety reported here might not be reproducible in ASCs performing ACDF in patients with higher medical or anatomical risks, in ASCs located at a lengthy distance from a hospital environment, with surgeons infrequently performing ACDF, or in settings without at least a 4-hour PACU monitoring capability. With these exclusions, however, we have demonstrated in a large experience of 1000 patients that ACDFs can be safely performed in an ASC with a risk profile similar to that of the inpatient hospital setting. We believe that this analysis adds substantially to the existing literature, because previous studies have not provided the power to accurately assess the incidence or impact of ACDF complications occurring in the ASC environment.
conclusions
ACDF can be performed in the ASC environment with equivalent safety compared with safety in the inpatient hospital setting. As with any health care setting, it is important to have contingency plans in place for possible emergency situations even though they may occur at a frequency of 1 in 1000 events. Not all patients are candidates for procedures in the ASC setting, and selection criteria determined by the surgical and anesthesia teams are important. However, in appropriate patients, ACDFs performed in the outpatient setting appear to be as safe as those performed in the inpatient hospital setting and potentially accomplished at a much lower cost. Future studies are needed to formally compare the overall quality or cost-utility of care between these 2 operative care settings.
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